Phonon-assisted electronic tunneling is studied through a double quantum dot coupled in parallel to ferromagnetic electrodes. The currentvoltage characteristics for the system are derived within the nonequilibrium Green function technique based on equation of motion. It is found that additional phonon-induced resonance peaks appear in the spectral function on both sides of the main resonances corresponding to the quantum dot energy levels. It is shown that the molecular-like resonances are reproduced in the phonon side bands in the dierential conductance. A signicant phonon-induced enhancement of tunnel magnetoresistance as well as tunnel magnetoresistance oscillations are also predicted.
Introduction
The polaronic transport through molecular double quantum dots (DQD) has been studied recently in a number of papers [13] . It has been found that an interplay between single-electron tunneling and the excitation of Up to now, the polaronic transport through DQDs has been studied theoretically only for non-magnetic tunneling junctions.
Thus, in this paper we investigate effects due to electronphonon interaction in spin-polarized transmission through the system of DQD attached in parallel conguration to external ferromagnetic electrodes (see inset in Fig. 1 ). We examine the features of tunneling processes mediated through vibronic energy levels on DQD, behavior of the bonding and antibonding states in the presence of the phonon eld as well as the inuence of a local phonon mode on the tunnel magnetoresistance (TMR), which is due to a change in the junction resistance when magnetic moments of external electrodes are switched between the parallel (P) alignment and the antiparallel (AP) one.
Model and method
Consider a parallel-coupled DQD attached via tunnel barriers to ferromagnetic leads, as shown in the inset of Fig. 1 . The whole system can be described by Hamiltonian of the general form H = H l +H r +H ph +H DQD +H t . The terms H l and H r describe the left and right ferromagnetic electrodes, respectively, in the non-interacting quasi-particle approximation, H ν = k,σ ε kσ a + kσν a kσν , where ε kσ is the single-electron energy for wave vector k and spin σ (σ =↑, ↓) whereas a + kσν and a kσν are the corresponding creation and annihilation operators for the ν-th lead (ν = l, r). The third term is the phonon Hamiltonian, H ph = ω 0 b + b, where ω 0 is the vibrational frequency of the phonon mode and b + (b) is the phonon creation (annihilation) operator. The DQD system is described 
with upper (lower) sign corresponding to σ =↑ (↓). The symbol p ν denotes polarization of the ν-th lead, Γ is a constant, β determines dierence in the coupling of a given lead to the dots, γ describes asymmetry in the coupling of the dots to the leads, whereas q ν in general obey the condition |q ν | ≤ 1 [7] .
Using the LangFirsov-type unitary transformation [8] , one may eliminate the linear coupling terms in the H DQD Hamiltonian leading to renormalization of the dots energy levels ε id = ε id − λ 2 /ω 0 and charging energy
2 /ω 0 . Assuming that the local polaron is localized, i.e. assuming that hopping is small compared to electronphonon interactions, T ν ikσ λ, we adopt here the approximation developed for the independent boson model [8] . This approximation gives rise to exponential suppression of the tunneling amplitudes in the tunneling term H t , which in turn leads to the charge conserving λ-dependent FranckCondon blockade of tunneling processes between the dot and an external electrode.
To calculate the occupation numbers and electric current for the system considered, we make use of the nonequilibrium Green function dened on the Keldysh contour [9] . The explicit expression for the Green functions can be obtained by using the equation of motion method. Having found the Green functions, one can calculate electric current owing from the ν-th lead to the dot [9] , Consequently, the TMR characteristics may be evaluated from the ratio TMR = (I P − I AP )/I AP , where I P and I AP are electric tunneling currents in the P and AP magnetic conguration of the external electrodes, respectively.
Numerical results
In the following we shall discuss features of the transport characteristics of the system: the spectral function, dierential conductance and TMR. For numerical analysis we assume equal dot levels, ε 1 = ε 2 ≡ ε . Moreover, for the on-dot charging energies we take U 1 = U 2 = 0, i.e. it is assumed that eectively, for a given λ, the polaron shift gives rise to vanishing intradot Coulomb correlations [10] . The DQD is assumed to be coupled to magnetic electrodes with the equal polarizations, p l = p r ≡ p and symmetrical DQD-lead couplings are taken into account with Γ = 0.2 and γ = 1. Apart from this, we consider the case of q ν = 0, i.e. assume that each dot is eectively attached to its own pair of external electrodes, and for the asymmetry in the coupling of a given electrode to the dots we take β = 1. Finally, the interdot hopping term is taken as t = 0.8, which is (similarly as Γ ) typical experimental value for a DQD setup (see e.g. [11] ). All the energy parameters are measured relative to the phonon excitation frequency ω 0 .
The essential features of spectral functions for spin-up electrons tunneling in the P conguration, versus ω are shown in Fig. 1 . In the system where electronphonon interactions are negligible, λ = 0, two resonance peaks (the dotted curves in Fig. 1 In Fig. 2a we show the behavior of the dierential conductance as the function of the transport bias voltage. The dots levels are taken to be ε 1 = ε 2 = 1, so that according to the condition for phonon-driven renormalization of the dots levels, for the assumed electron phonon coupling parameter λ = 1, eectively the discrete levels experience the polaron shift giving rise to ε = 0. For reference, the conductance in case of van- 
